Abstract Junghuhnia is a genus of polypores traditionally characterised by a dimitic hyphal system with clamped generative hyphae and presence of encrusted skeletocystidia. However, recent molecular studies revealed that Junghuhnia is polyphyletic and most of the species cluster with Steccherinum, a morphologically similar genus separated only by a hydnoid hymenophore. In the Neotropics, very little is known about the evolutionary relationships of Junghuhnia s.lat. taxa and very few species have been included in molecular studies. In order to test the proper phylogenetic placement of Neotropical species of this group, morphological and molecular analyses were carried out. Specimens were collected in Brazil and used for DNA sequence analyses of the internal transcribed spacer and the large subunit of the nuclear ribosomal RNA gene, the translation elongation factor 1-α gene, and the second largest subunit of RNA polymerase II gene. Herbarium collections, including type specimens, were studied for morphological comparison and to confirm the identity of collections. The molecular data obtained revealed that the studied species are placed in three different genera. Specimens of Junghuhnia carneola represent two distinct species that group in a lineage within the phlebioid clade, separated from Junghuhnia and Steccherinum, which belong to the residual polyporoid clade. Therefore, the new genus Geesterania is proposed including two species, G. carneola comb. nov. and G. davidii sp. nov. Neotropical specimens identified as Junghuhnia nitida represent a different lineage from the European species and are described as Steccherinum neonitidum sp. nov. In addition, the new combinations Steccherinum meridionale, Steccherinum polycystidiferum and Steccherinum undigerum, as well as the new name Flaviporus tenuis, are proposed.
INTRODUCTION
The genus Junghuhnia (Basidiomycota, Polyporales) is characterised by a dimitic hyphal system, clamped generative hyphae, small basidiospores with variable shape and presence of large encrusted skeletocystidia. Traditionally, it has been separated from Steccherinum only by the hymenophore configuration (poroid in Junghuhnia and hydnoid in Steccherinum), but microscopically both genera present almost identical features. Antrodiella is also related but distinguished by the lack of cystidia (Ryvarden 1991) . However, recent studies including molecular data (Miettinen et al. 2012) showed that the morphological segregation of Junghuhnia and Steccherinum is not supported by molecular phylogeny. Many species treated as Junghuhnia in the literature group with species with hydnoid hymenophore in the Steccherinum clade, separated from J. crustacea, the type of Junghuhnia. Furthermore, there are no microscopic characters enabling delimitation between Junghuhnia s. str. (including J. crustacea) and Junghuhnia s.lat. (species included in Steccherinum clade) due to convergent micromorphology. In the Neotropics, 11 names were previously reported in Junghuhnia: J. carneola, J. chlamydospora, J. globospora, J. meridionalis, J. minuta, J. neotropica, J. nitida, J. polycystidifera, J. semisupiniformis, J. subundata and J. undigera (Ryvarden 1985 , 2007 , 2015 , Lindblad & Ryvarden 1999 ). However, molecular data of all of them are unavailable and their phylogenetic position is unknown. Therefore, the current study addresses a knowledge gap, using molecular and morphological data to elucidate the systematics of Neotropical Junghuhnia and related genera.
MATERIAL AND METHODS

Morphological analysis
Specimens were collected in southern Brazil in Santa Catarina, São Paulo and Rio Grande do Sul States. Additional specimens of Neotropical Junghuhnia s.lat. from BPI, FLOR, ICN, O, PRM and S herbaria (Thiers 2016) were studied for morphological revision. For micromorphology observations, hand-cut sections of the basidiomes were prepared on microscope slides with 3 % KOH solution and stained with 1 % aqueous phloxine. When necessary, small pieces of the basidiomes were kept in NaOH 3 % solution under 60 °C for about 12 h in order to obtain a better separation of the hyphae and interpret the hyphal system. The samples were then used for preparing microscope slides. All microscopic structures observed were measured with aid of an eyepiece micrometer and, when possible, a minimum of twenty measurements of each structure were taken. The abbreviations and codes used for the measurements are: Lm × Wm = means of length and width, Q = range of length/width ratios, Qm = length/ width mean and n = x/y (x = number of measurements from a given number; y of specimens). Drawings of the microstructures were made with the aid of a drawing tube. Cresyl violet was used for observation on metachromatic reactions. 
DNA extraction and amplification
DNeasy Plant Mini Kit (QIAGEN) and Power Soil DNA Isolation Kit (MO BIO) were used for DNA extraction from cultures and basidiomes, respectively. In cases where basidiome extraction was not successful, the 10 first steps of DNeasy Plant Mini Kit were followed and DNA extraction of the samples proceeded using magnetic-bead technology of MagNA Pure compact system (Roche). When necessary, DNA was purified using DNA Clean & Concentration Kit (Zymo Research). DNA amplification of the internal transcribed spacer (ITS) and large subunit (LSU) regions of ribosomal RNA gene were performed using ITS5/ ITS4-Basidio (Nikolcheva & Bärlocher 2004 ) primer combination for ITS and LR0R/LR6 for LSU. The PCR regimes followed Tomšovský et al. (2010a) . For translation elongation factor 1-α gene (TEF1-α; primers: 983F/2218R), touchdown PCR with gradually reduced annealing temperature (60 -50 °C) was performed (Rehner & Buckley 2005) . For the second largest subunit of RNA polymerase II gene (RPB2; primers fRPB25F/ bRPB271R), a touch-down protocol modified from Rehner & Buckley (2005) EF-α protocol was performed. In some samples where PCR did not present good results, a nested PCR was performed according to Tomšovský et al. (2010b) . Amplification products were sent for purification and sequencing in MacroGen Ltd. (Korea).
Phylogenetic analysis
All the sequences obtained were initially checked in Chromas 2.6 (http:// technelysium.com.au / wp/chromas/) and BioEdit (Hall 1999) software and, when necessary, adjusted manually to correct minor sequencing errors. Two combined dataset of DNA sequences were prepared, one using ITS-LSU and one with four molecular markers (ITS, LSU, TEF1-α, RPB2). Reference sequences for both datasets were chosen based on studies of Miettinen et al. (2012) , Floudas & Hibbett (2015) , Binder et al. (2013) and through BLAST searches in the NCBI (National Center for Biotechnology http:// www.ncbi.nlm.nih.gov), and are summarised in Table 1 . The datasets were aligned using MAFFT version 7 (http: //mafft.cbrc.jp /alignment /server/). In order to remove highly variable regions with low homology in the 4 gene dataset, Gblocks curation was performed on ITS sequences and intron regions of TEF1-α and RPB2 sequences were deleted manually. The evolutionary models for each gene and for combined datasets were inferred with the jModelTest 2.c1. 4 (Darriba et al. 2012 ) using the Akaike information criterion. The best fit models selected were TrN+I+G for TEF1-α region, TIM2+I+G for RPB2 and GTR+I+ G for ITS, LSU, and for both combined datasets. Bayesian trees and posterior probabilities were estimated with the MrBayes 3.2.6 software (Ronquist et al. 2012 ). The analysis was run for 10 million generations, sampling every 1 000 generations. Burnin was set to 10 % of the trees. Maximum Likelihood analyses were conducted in RAxML-HPC v. 8 (Stamatakis 2014 ) with a GTRCAT model of evolution. Number of bootstrap replicates was halted automatically (autoMRE) and 252 replicates were used for the ITS-LSU dataset and the 204 for four marker dataset. All analyses were conducted in CIPRES Science Gateway (Miller et al. 2010) .
RESULTS
Molecular data obtained show that the studied Neotropical Junghuhnia spp. are polyphyletic and occur in three different genera ( Fig. 1, 2 ): Steccherinum (supported in ML and BA of both ITS-LSU and combined dataset), Flaviporus (unsupported in ML in ITS-LSU dataset and supported in ML and BA of both ITS-LSU and combined dataset) and a new genus in the phlebioid clade (supported in ML and BA of both datasets Diagnosis. Geesterania is characterised by the basidiomes becoming reddish when bruised, the abundant, long, thin-to thick-walled, finely encrusted skeletocystidia, the metachromatic skeletal hyphae and cystidia, a bipolar mating system and astatocoenocytic nuclear behaviour.
Basidiomes resupinate, adnate, becoming red dish when bruised and/or upon drying, soft to fleshy when fresh, becoming harder and somewhat waxy when dried. Hymenophore poroid; pores regular to irregular, round to angular. Hyphal system dimitic, generative hyphae clamped, skeletal hyphae metachromatic, hyphae IKI-. Skeletocystidia present in the trama and dissepiments, cylindrical to clavate, encrusted at the apex with thin crystals, usually very long and appearing as skeletal hyphae ends, metachromatic, IKI-. Basidiospores ellipsoid to subcylindrical, hyaline, smooth, IKI-. Notes -Geesterania is characterised by resupinate, somewhat fleshy basidiomes typically becoming reddish when bruised or dried. The colour change is variable, and in some basidiomes only some reddish spots appear while others become pale reddish brown to flesh coloured throughout. Microscopically, the very long finely encrusted (skeleto)cystidia are typical. In the trama, the cystidia are usually markedly thick-walled and long, arising from skeletal hyphae that slowly increase in dia meter. For that reason, the distinction between skeletal hyphae and cystidia sometimes is not clear and the cystidia may be interpreted as wide encrusted skeletal hyphae ends. Here we choose to use the term cystidia as these structures can be very conspicuous in the dissepiments and in the trama, sometimes having many crystals covering a widened apex. In addition, the skeletal hyphae and cystidia are metachromatic, while the generative hyphae, hymenium and basidiospores are non metachromatic in Cresyl Violet. Geesterania differs from other polypore genera exactly by this combination of characteristics, which is unique and unknown in other poroid fungi. Even though the type species had been placed in Junghuhnia, morphological, biological and molecular data support it as a different genus. Junghuhnia s.str. and Steccherinum present long encrusted skeleto cystidia. However, in both genera the cystidia are encrusted with large crystals and can be easily distinguished from the skeletal hyphae, as they present a more abrupt widening and more evident encrustation. In addition, the skeletal hyphae in Junghuhnia and Steccherinum are non metachromatic in Cresyl Violet and only the cystidia present a variable metachromatic reaction, while in Geesterania the cystidia and skeletal hyphae are metachromatic throughout. Furthermore, culture studies had already shown that G. carneola is bipolar and astatocoenocytic, while species of Junghuhnia s.str. and Steccherinum s.lat. are tetrapolar and have a normal nuclear behaviour (David & Rajchenberg 1985 , Rajchenberg 2011 ). The combination of bipolarity and astatocoenocyty is characteristic in the phlebioid clade (Rajchenberg 2011) , and our molecular data confirm the position of Geesterania there (Fig. 1) . Phylogenetically, the closest related polypore species known is Phlebioporia bubalina (Chen & Cui 2014) but, morphologically, it substantially differs by presenting a monomitic hyphal system with simple septate dextrinoid hyphae and lack of cystidia. The recently described genus and species Luteoporia albomarginata (Wu et al. 2016 ) is also phylogenetically related to Geesterania, presenting similar resupinate basidiomes with presence of cystidia-like structures. However, Luteoporia differs in being monomitic, turning red in contact with KOH, and having differently shaped thin-walled cystidia.
Geesterania carneola (Bres.) Westphalen & Rajchenb., comb. nov. -MycoBank MB822659; Fig. 3a -b Notes -This species was described from southern Brazil (Santa Catarina State) by Bresadola (1896) and since then very thick walls to almost solid, but usually with a wider lumen at the apex, finely encrusted, 5.0-8.0 Notes -Geesterania davidii is characterised by yellowish basidiomes that become reddish when bruised and after drying, the medium to small pores and the small ellipsoid basidiospores. It differs from G. carneola in smaller and more regular pores, sometimes only partially split ( Fig. 3c-d) . In addition, G. carneola presents slightly longer and thinner, narrowly ellipsoid spores. Even though there are cases of overlapping in basidiospore size between the two species and only a detailed examination can reveal the differences, the values of Q and Qm show the difference in spore shape. Notes -Due to the presence of strongly agglutinated hyphae, Junghuhnia minuta morphologically fits the concept of Flaviporus, which is supported by our molecular data (Fig.1) . Since the name Flaviporus minutus is already taken by a different species (Wu et al. 2017 ). It is characterised by its yellowish basidiomes that become reddish when bruised and sometimes after drying and the large and very irregular pores (3 -5 per mm) that are often split and lacerate, forming a daedaloid surface. Microscopically it presents a dimitic hyphal system, thin to thick-walled cystidia encrusted with fine crystals and narrowly ellipsoid basi diospores (4.0-5.0 × 2.0-2.5 μm, Lm × Wm = 4.38 × 2.38, Q = 1.60-2.25, Qm = 1.86, n = 30/2). Westphalen & Rajchenb., sp. nov. - MycoBank MB822660; Fig. 3c -d Etymology. Named in honour of Alix David (Lyon, France), for her extensive work on the biology of fungi, especially her numerous investigations on mating systems and nuclear behaviour of polypores.
Flaviporus tenuis
Geesterania davidii
Basidiomes annual, resupinate, thin, soft and somewhat fleshy when fresh, becoming hard and slightly waxy when dried, margin narrow to absent, regular, white to cream-coloured; pore surface pale yellow to pale greenish yellow when fresh, becoming reddish when bruised and straw-coloured to pinkish brown after drying; pores regular, round to angular, with thin and often dentate dissepiments, sometimes partially split, 5 -7(-8) per mm, tubes concolour with the pore surface, up to 2 mm deep; subiculum very thin, up to 0.2 mm thick, cream-coloured when fresh, becoming ochraceous when dried. Hyphal system dimitic; generative hyphae with clamps, branched or more rarely unbranched, hyaline and thin-walled, 2.0-4.0 μm wide; skeletal hyphae hyaline to slightly yellowish, thick-walled to almost solid, unbranched, 3.0-5.0 μm wide. Cystidia appearing as thickened skeletal hyphal ends, in the dissepiments slightly thick-walled, in the trama forming a continuous with the skeletal hyphae with Notes -Steccherinum meridionale is characterised by cinnamon to brick red resupinate basidiomes with small pores (7-9 per mm) and waxy soft consistency when fresh, becoming hard upon drying. Microscopically, it presents abundant skeletocystidia projecting above the hymenium and sub-cylindrical basidiospores (3.0 -4.0 × 1.5 -2.0 µm). This species was first described as a variety of Junghuhnia collabens (Rajchenberg 1987a ) but later, using cultural features and intercompatibility tests, Rajchenberg (2003) verified it as an autonomous taxon. Our data shows that S. meridionale and J. collabens are not phylogenetically related ( Fig. 1) and that the former groups close to the Neotropical species S. neonitidum. Junghuhnia meridionalis was described from the Patagonian Andes forests in southern Argentina and Chile and later registered from Neotropical regions (Westphalen et al. 2010 . Unfortunately, the DNA amplification and sequencing of Brazilian specimens was unsuccessful, but we decided to keep the Neotropical specimens under the name S. meridionale and include it in the identification key. Further work can clarify if the Neotropical and Patagonian specimens belong to the same widely distributed species or if the Neotropical collections represent a morphologically similar but molecularly separated species. For a full description see Westphalen & Tomšovský, sp. nov. -MycoBank MB822516; Fig. 5 Basidiomes annual, resupinate, very thin, easily separable from the substrate and often detaching upon drying, soft when fresh, becoming corky and somewhat brittle when dried; margin irregular, white, narrow to wide, very thin, cottony and fimbriate, up to 5 mm wide; pore surface pinkish cream to very pale pinkish cinnamon; pores regular, round to angular, sometimes partially lacerate, 8-10 per mm; tubes up to 1.0 mm deep, concolour with the pore surface; subiculum white to cream-coloured, up to 0.5 mm thick. Hyphal system dimitic; generative hyphae clamped, thin to slightly thick-walled, hyaline, 2.0-3.5 µm diam; skeletal hyphae unbranched to branched, thick-walled to solid, hyaline to yellowish, 2.0-5.0 µm diam. Skeletocystidia, abundant, clavate, thick-walled and heavily encrusted, metachromatic, immersed in the trama or projecting above the hymenium, 6.0 -10.0 Nuclear behaviour -Normal (monosporic culture monokaryotic, polysporic culture dikaryotic).
meridionalis).
Steccherinum neonitidum
Distribution -Southern and south-eastern Brazil. Substratum -Growing on dead branches of unidentified angiosperms.
Additional specimens examined. Brazil, Rio Grande do Sul, Cambará do Sul, PARNA da Serra Geral, Itaimbezinho, R.M. Silveira & R. T. Guerrero 048, 19 Nov. 1987 (ICN Notes -Steccherinum neonitidum is characterised by pinkish, thin resupinate basidiomes with small pores and fimbriate white margins. Microscopically, it can be recognised by the small ovoid to ellipsoid basidiospores and the abundant encrusted skeletocystidia. This species has been traditionally identified in Brazil as J. nitida due to its morphological similarities. However, Steccherinum nitidum (= Junghuhnia nitida) can be distinguished by larger pores (4 -7 per mm; in margins of basidiomes pores can split to 3 per mm) and the somewhat longer basidiospores (3.7-4.5 × 2.0 -2.7 μm, Lm × Wm = 4.26 × 2.41 μm, Q = 1.65-1.88, Qm = 1.77, n = 187/9). A careful analysis of herbarium specimens identified as J. nitida in other Notes -Steccherinum polycystidiferum is characterised by cream-coloured to beige resupinate basidiomes, becoming slightly darker upon drying, small pores (6 -8 per mm) and ellipsoid to sub-cylindrical small basidiospores (3.0 -4.0 × 1.5 -2.0 µm). Steccherinum meridionale presents very similar micromorphology and can be distinguished only by the basidiomes of cinnamon to brick-red colour. Despite the morphological similarities, S. polycystidiferum presents a phylogenetic isolate position, but close to the S. nitidum group. This seems to be a rare species, first described from northern Argentina as Junghuhnia microspora (Rajchenberg 1983) , and later synonymised with J. polycystidifera (Rajchenberg 1987b ), a species originally described from southern Brazil as Poria polycysidifera (Rick 1960 Notes -Steccherinum undigerum is characterised by pileate, thin and flexible effused-reflexed or more rarely sessile basidiomes that become corky and somewhat brittle upon drying. Even though it presents a poroid hymenophore, the pores (4 -6 per mm) present dentate dissepiments and are often split and somewhat irregular. Features of the pore surface is what distinguishes this species from others in the Steccherinum clade. Microscopically, it presents typical skeletocystidia of Steccherinum, more easily observed in the dissepiments edges but also found in the trama, a dimitic hyphal system and ellipsoid to subglobose basidiospores (4 -5 × 3.5 -4.5 μm) , larger than other species in the group. For a full description see as J. undigera) . Phylogenetically, S. undigerum is the only studied species that groups very close to S. ochraceum ( Fig. 1, 2) , type of the genus (for further comments see Discussion). Our materials present identical ITS and LSU sequences to a specimen from Cuba, type locality of this species, available at GenBank as Junghuhnia sp. 4. (Miettinen et al. 2012) . Steccherinum undigerum is a very common species in southern Brazil and is often found in different areas of the Atlantic Rainforest.
Junghuhnia kotlabae is another species described from Cuba (Pouzar 2003 ) that presents morphological features almost identical to J. undigera and in its original description was only separated by the presence of thin-walled cystidia (absent in J. undigera). The basidiospore dimensions are 3.7-5.5 × 3 -4.2 μm (Pouzar 2003) or 3.7-4.9 × 3 -3.9 μm (our observation). In addition, the ITS sequence we obtained from the paratype of J. kotlabae presents only two different bases from specimens of J. undigera from Brazil. Since both the morphological and molecular similarities are high and cystidia present variation within a species, we consider J. kotlabae a synonym of J. undigera. Type. Steccherinum ochraceum. Steccherinum meridionale, S. neonitidum, S. polycystidiferum and S. undigerum are part of this group. Even though Steccherinum is well-supported within the residual polyporoid clade (Miettinen et al. 2012 , Binder et. al 2013 , the Steccherinum clade is not yet resolved and more data are needed to better understand the evolutionary relations of its species. Under current knowledge, we decided to consider Steccherinum in a wide sense and to transfer the studied species into this genus, agreeing with Miettinen & Ryvarden (2016) . The current wide delimitation of Steccherinum has a high phylogenetic support and can be defined morphologically by dimitic species with encrusted skeletocystidia and small subglobose to subcylindrical spores. Currently there are no morphological characters that would support the segregation of Steccherinum in different genera. However, further studies including more molecular and morphological data may elucidate if Steccherinum is a wide genus or if it encompasses several smaller genera. If the genus is further split, the Neotropical species could be transferred to Chaetoporus, a genus name available with C. nitidus (= Jung huhnia nitida) as type (Donk 1967 , Miettinen et al. 2012 . The only exception is S. undigerum, which groups close to S. ochraceum, type of Steccherinum.
Steccherinum clade
Flaviporus
Type. Flaviporus brownii.
Our molecular data shows that Junghuhnia minuta and J. subundata group with Flaviporus, which is also supported by morphology. Species in Flaviporus are separated phylogenetically by rather long branches ( Fig. 1) , which may indicate that there are missing data that could clarify the relations among species of this group. Morphologically, Flaviporus species present basidiomes that become very hard and somewhat resinous after drying, cystidia with variable shape and strongly agglutinated hyphae, which support the genus as monophyletic. The hyphal system in Flaviporus is difficult to interpret due to the hyphae agglutination, especially in dried specimens. Our observations of F. tenuis and F. brownii treated in NaOH solution showed that many thick-walled hyphae present clamps, but some long aseptate segments can also be observed. In addition, there is no clear distinction between the hyphae present, so we classify the hyphal system as monomitic to pseudo-dimitic instead of strictly dimitic, as defined by Ginns (1980 This third group recognised in this study comprises two species previously identified as Junghuhnia carneola that belong to the phlebiod clade. The phylogenetic position of these species is supported by biological data, since J. carneola was characterised by having a bipolar mating system and an astatocoenocytic nuclear behaviour (David & Rajchenberg 1985) , a combination typical of the phlebiod species, while species of Steccherinum are tetrapolar and present a normal nuclear behaviour (Rajchenberg 2011) . Morphological and molecular data obtained support the description of a new genus and a new species. Geesterania is unique among polypores by the combination of basidiomes changing colour when bruised or after drying, the presence of long, finely encrusted cystidia and by the dimitic hyphal system with clamped generative hyphae and metachromatic skeletal hyphae. The two species identified in the genus are very similar but can be distinguished by the pore surface (larger, irregular and strongly split pores in G. carneola and smaller regular pores in G. davidii) and by a small difference in spore shape (Fig. 4) .
The data presented in this study expand the knowledge of Junghuhnia s.lat. in the Neotropics and are in agreement with Miettinen et al. (2012) , showing that the genus is highly polyphyletic and currently only J. crustacea has been confirmed as Junghuhnia s.str. During a survey of polypores in southern Brazil, seven species considered morphologically to belong to Junghuhnia s.lat. were collected and studied. The data obtained support the description of the new genus Geesterania, including one new species, as well as a new Steccherinum species and five new combinations of species previously treated in Junghuhnia. We present here full descriptions and illustrations of the new species, comments on the newly combined species and identification keys. However, more studies are required to clarify the evolutionary relationships of species previously treated as Junghuhnia, especially the ones included in the Steccherinum clade. Furthermore, the phylogenetic positions of J. semisupiniformis, J. chlamydospora, J. globospora and J. neotropica are still unknown. Here we segregated these four species by morphological groups and presented them in the identification key, but molecular data are needed to verify their proper generic position. Ryvarden (2015) also included J. sobria in his study of Neotropical Junghuhnia taxa. Junghuhnia sobria was originally characterised by the presence of gloeocystidia (Lowe 1977) , a character absent in all other species of the group, therefore we consider to exclude it from Junghuhnia s.lat.
